Introduction
Dynamic development of scientific environment of any country is an extremely important factor that enhances its prestige, economic development, development of new technologies in various fields of human activity. An important task that has been tackled by researchers over the past decades is to create mechanisms to effectively manage the development of scientific environment. This can be institutions, as well as structural subdivisions of these educational organizations.
Evaluation of the results of research activities provides a possibility to validate the process of scientific research against the goals that were set at the stage of planning and, if necessary, to adjust the course of these studies. One of the components of the evaluation of scientific-research work is the assessment of the main outcomes of this work: scientific publications. A criterion of significance of publications may include using the results of these articles in other scientific research. That is why the evaluation of results of the research work can be conducted by finding various bibliographic indicators of publication citations.
Evaluation of scientific-research work in general can be based on the personal assessments of scientists who are engaged in such studies. Generally accepted criteria of evaluation of the results of scientific-research work of scientists are the indicators of publication citations that were published by these scientists. These indicators are typically scalar magnitudes. An approach to building such magnitudes has a number of advantages, but there are drawbacks as well. Among such shortcomings is the loss of part of the input data and the existence of such boundary cases when a parameter does not change its value when the number of citations and publications does increase. Such situation arises for many known indexes that calculate citations: the Hirsch index, the index I-10, the g-index. Here is an example of such situation. Assume that a scientist published nʹ papers, which later became fundamental in a certain direction of research, and then he finished his career. These publications are widely used in other studies and each of them was quoted d i times. If d i >nʹ, then traditional bibliometric indexes will equal nʹ, that is, the outcome of research work of this particular scholar is not very successful and important, though this assessment is not adequate. Therefore, new methods must avoid such cases when scientific-research work is carried out, new papers are published and subsequently cited, but the evaluation of results of scientific-research work does not change.
That is why it is a relevant task to develop new, or to modify existing, methods of evaluation of the results of scientific-research activities of scientists, which would be devoid of the indicated shortcomings.
Literature review and problem statement
The task to evaluate results of the scientific-research work is a traditional subtask in managing educational and scientific-research institutions. Article [1] proposes a project-vector approach to the management of higher educational institutions. The functioning of higher educational institutions is regarded as a set of projects, each of which is represented by a vector in the space of scientific, educational and administrative activities. To determine the coordinates of these vectors, it is required to perform evaluation of results of the appropriate activity. Paper [1] substantiates the need to construct a universal appraisal of results of scientific-research activity in the management of higher educational institutions; however, no recommendations on how to achieve it were described.
Article [2] describes an approach to the evaluation of functioning of an educational establishment by building a parametric model. Such model requires tracking of changes in the results of various activities, including scientific, as well as prediction for the next period. Paper [3] describes an approach to the management of an educational institution based on predicting the state transition, which are represented by a Markov chain. Determining the probabilities of transitions needs a comprehensive assessment of the outcomes of the scientific-research and teaching activity of an institution and the prediction of its values over the next period. Article [4] conducted an analysis of the features and synthesized the structure of interaction between main subjects as knowledge carriers. Paper [5] defined conditions of effective work for the development of a project that can be used for the purposes of management and evaluation of activities of groups of researchers.
Article [6] examined indicators that are required for a comprehensive assessment of activities in higher education institutions, and reported the analysis of these indicators. Paper [7] gives an overview of the features of the methods for evaluating the results of performance, in particular scientific, of higher educational establishments in Ukraine. However, these publications failed to construct a universal method of evaluation.
The results of scientific-research activity of scientists can be assessed based on the indicators of citing the articles that were published by the given scientists. Paper [8] proposed an overview of scientometric databases and the ways of obtaining the main indicators of citation. The most common bibliometric indicator at present is the Hirsch index. The principle that underlies it is described in article [9] . Hirsch index is calculated as follows: a scientist receives the index h in the case that the scientist published at least h articles, each of which is cited at least h times. Paper [10] proposes applying the so-called g-index. This index represents the largest number g, which corresponds to the number of articles that were quoted in total not less than g 2 times. Author of article [10] draws a conclusion about the insufficiency of a simple scalar evaluation and about the need to use a complex assessment that consists of the e-and h-indices, but he does not generalize to a larger number of indicators. In addition, the method considered in paper [10] , does not lead to a complete solution to the problem on the loss of information about citation.
Article [11] points out the principal shortcomings of the h-and g-indices, which include the loss of information about citation of the most popular publications of an author, and proposes employing the e-index to overcome these deficiencies. Paper [12] proposes several modifications to calculating the h-index, including taking into account the self-citation. Article [13] examined a correlation between the Hirsch index and the g-index, taking into account different samples of scientists and scientific collections that published results of scientific-research activity. In [14] , authors describe the use of a generalized integral to calculate certain bibliometric indices and propose methods of establishing a functional dependence between the number of publications and the number of citations.
According to the authors, the task to evaluate the results of information search has a number of common characteristics with the problem on evaluating results of scientific-research activity of scientists. These shared characteristics imply that the pages on the Internet are connected via hyperlinks, while scientific publications are linked through citation. To solve the problem on evaluation of results of information search in the Internet, the so-called PR index is applied, which is described in article [15] . Paper [16] described applying the Monte Carlo method to speed up finding the PR index. Study [17] considered a modification to the Monte-Carlo method to find the PR index in a dynamic network whose structure is constantly changing. The results of this study open up the possibility of using methods that are based on the same principles for processing large amounts of data on the citation of scientific publications.
When constructing methods, the present study employs the approach of finding similarities among multidimensional vectors. Article [18] described formulas for finding the metric distances by different techniques, as well as the method of the indexation of vectors based on k-nearest neighbors.
The aim and objectives of the study
The goal of present study is to construct methods for the evaluation of results of scientific-research activity of scientists based on the analysis of citation of the papers published by these scientists.
To accomplish the goal, the following tasks have been set: -construction of the method of calculating a scalar evaluation of the results of scientific-research activity of scientists;
-construction of the method that makes it possible to calculate integral evaluations of the results of scientific-research activity of scientists based on scalar evaluations of publication citations.
Methods of constructing a scalar estimation of the results of scientific-research activity of scientists
Assume that A={a 1 , a 2 ,…, a n } is a set of scientists, n is the number of scientists, and P={p 1 , p 2 ,…, p m } is the set of articles published by the given scientists, m is the number of publications. Set U A P ⊂ × is a set that assigns a relation of authorship between the scientists and the articles published by the given scientists. Set C P P ⊂ × assigns publication citations. We shall introduce the notion of evaluation of the results of scientific-research activity.
A scalar evaluation of the results of scientific-research activity of a scientist is a certain functional representation Q:
where R is the set of real numbers. A vector evaluation of the results of scientific-research activity of scientists is a certain functional representation Q v :
where R v is the set of v-dimensional real vectors.
Statement of the problem on the evaluation of results of scientific-research activity of scientists.
We shall denote a set of all publications of a scientist a i , i 1,n = through
where set U A P ⊂ × represents the authorship of scientist a i for publications p j .
We shall define a set of publications cited by every scientist a i , i 1,n = -( ) i C a , and the set of publications that cite the articles of the scientist -C(a i ), in the following form:
Similarly, for each article j p , we shall consider the set of its authors
as well as the set of articles cited by the given article p j -( ) j C p and the set of articles that cite article p j -C(p j )
The problem on the evaluation of results of scientific-research activity of scientists is to find for each scientist a i , i 1,n, = based on the assigned information regarding the citation of his/her publications, certain evaluation q i , which can be represented in the form of functional Q:
where P(a i ) is the set of articles of scientist a i , C(a i ) is the set of all articles that cite the articles of scientist a i , q i is the scalar evaluation of results of scientific-research activity of scientist a i , maximal values of functional Q(P(a i ),C(a i )) correspond to the best results of scientific-research work of appropriate scientist a i , i 1,n = from the point of view of achieving maximal effectiveness.
Let us consider assigning the known evaluations of scientific activity in terms of sets A, P, C, U. Without limiting the generality, we shall assume that the publications and scientists in the assigned sets are arranged in order of the non-growth in citation, that is,
where C is the rule of the set, which is defined as the number of elements in this set. We shall consider basic indices for calculating the citations, which can be utilized for the evaluation of results of scientific activity of researchers:
where h(a i ) is the Hirsch h-index, g a max min y, C p ,
where g(a i ) is the g-index, The main shortcoming is that each of the aforementioned indexes loses part of the citation information, in particular:
-h-index loses information beyond the core of Hirsch (h-core): it does not take into account information about publications cited less than h times, as well as publication citations less than h times; -g-index loses information beyond the g-core depending on the ratio of citations to the number of publications of the author. If
< it does not take into account information about publications cited less than g times. If
it does not take into account information about the citation of all publications; -e-index loses information on the citation of publications cited less than h times; -index I-10 loses information about publications cited less than 10 times.
Let us consider a method for the calculation of evaluation of the results of scientific-research activity of scientists, which does not lose information about any publication and any citation of an author. Similar PR method is used by the search engine Google as one of the parameters for ranking Web pages in order to arrange search results on the Internet that match the user's request [14] . We generalized the idea of calculating evaluations by the PR method and modified it to evaluate scientific-research activity of scientists. We shall term the modified method PR-q. According to it, a scalar evaluation of the results of scientific-research activity of scientist a i , i 1,n = is calculated by formula:
where q i is the evaluation of the scientific-research activity of scientist a i ; β iz is the coefficient, which is determined by the number of publication citations of scientist a i in the articles of scientist a z ; ξ z is the coefficient that enables the existence of a nontrivial solution to a system of linear algebraic equations (16); q z is the evaluation of scientific-research activity of scientist a z . As a result of applying formula (16), we shall construct a uniform system of linear algebraic equations in the form:
where B is the matrix of coefficients of the given system in the form:
q is the vector-column of unknown evaluations:
To ensure that there is non-trivial (identically not equal to zero) solution to system (16), it is required that matrix B is degenerate, that is, |B|=0.
The first method for determining the coefficients of system (16) . Coefficients of system (16) can be determined by formulas:
where β iz is the number of articles by scientist a z , in which the given scientist cites the publications of scientist a i ; ξ z is the magnitude, inverse to the total number of publications by scientist a z . We shall prove the existence of a nontrivial solution to system (16) . To do this, let us find the sum of the rows of matrix (18) by formula
that is, the rows of matrix (18) are linear dependent. Therefore, we proved that matrix (18) is a degenerate matrix, and hence there is a non-trivial solution to (16) .
The second method to determine the coefficients of system (16) . In addition to procedure (20), (21), coefficients of system (16) can be calculated as follows:
where coefficients ξ z and β iz take into account in the evaluation the number of co-authors of each article p s .
If there exists a non-trivial solution to system (16), then there is a multitude of solutions, proportional to the given one. Thus, after finding evaluations using the PR-q method, it is advisable to normalize these evaluations according to one of the formulas:
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where q i is the evaluation of results of scientific-research activity of scientist a i , which is calculated by the PR-q method, qʹ(a i ) is the evaluation q i normalized by the sum, qʹʹ(a i ) is the evaluation q i normalized by the maximum. It should be noted that in the case when we consider large enough number of scientists, then evaluations qʹ(a i ) will take the values close to zero. Evaluations
regardless of the number of scientists for i 1,n = . We shall determine computational complexity for finding an evaluation using the PR-q method:
1. Employing the iteration Gauss-Seidel Method to solve a system of linear algebraic equations (16) . At each iteration, we calculate approximate value of n evaluations. Each evaluation of results of scientific-research activity of scientist a i , i 1,n, = requires computing a sum of terms whose number is equal to the number of scientists who in their publications cited a i . To calculate all the coefficients of β iz , i 1,n, = z 1,n, = it is required to perform a number of elementary operations that is proportional to the number of citations performed by scientist a z . Therefore, the total complexity of computation has an order of O(n). Proportionality coefficient between a number of scientists and the number of elementary operations depends on the number of citations of a single article, and the number of publications of a scientist. Given the average number of citations (a scientist cites about 20 publications in one article) and publications of one scientist (25), in order to calculate one approximation of one evaluation, it is necessary to perform 25×25×20×20=25,000 elementary arithmetic operations on average. To find one approximation of evaluations of all the scientists in Ukraine, it is necessary to execute 1.75×10 9 arithmetic operations. The number of iterations of the method to achieve the assigned accuracy is a magnitude, which is difficult to assess, but typically, 10-15 iterations suffice. Therefore, the total complexity will have an order of 10 10 . 2. Applying the Monte-Carlo method to solving system (16) . The Monte Carlo method significantly reduces computational complexity, because in order to calculate evaluation of one scientist, it is necessary to recalculate the evaluations only in the vicinity, received as a result of a random walk based on the results of citation. Evaluations of the rest of the scientists, who did not make it to the vicinity, will be considered constant and will remain without recalculation. To calculate one approximation of one evaluation, it is necessary to perform 1000 elementary arithmetic operations on average. Article [17] reported efficiency of calculating PR when executing only 2 walks, that is, the vicinity has capacity proportional to the square of the number of citations of one publication. Given the average number of citations, to find one evaluation, it is possible to consider a vicinity of 20 2 authors. That is, calculation of one evaluation will require 10 6 elementary arithmetic operations. It should be noted that if data are represented in the form of incidence lists, then when calculating an evaluation using the PR-q method, the number of memory access operations and the number of comparisons is proportional to the number of arithmetic operations.
Method of constructing a vector integral evaluation of the results of scientific-research activity of scientists
Assume that w scalar evaluations are assigned, which determine the results of scientific-research activity of some scientist a i , i 1,n. = We shall denote these evaluations through 1 2 w i i i f ,f , ,f . … Based on these evaluations, it is possible to construct a w-dimensional vector ( ) (14), index I-10 (15) or the index, calculated by the PR-q method (16), (26). For example, vector of evaluation of the results of scientific-research activity of scientist a i , which takes into account the specified evaluations, will take the form
F h a ,g a ,e a ,i a ,q a ,
that is, the measurability of the assigned vector is determined by the number of indices that are taken into account during assessment. Without loss of generality, let us consider some point in a w-dimensional space ( ) Such a point in a w-dimensional space for whose components condition (30) is satisfied, is termed ideal. In order to evaluate results of scientific-research activity of scientist a i , it is necessary to find the degree of closeness between the ideal point and point w i F R . Î The degree of closeness in the case of quantitative evaluation is based on a specific metric. Proximity between two vectors is determined based on some metric distance ρ(F i , F * ) between these vectors. For the given problem, these distances can be calculated by formulas:
where ρ 1 (F i , F * ) is the Euclidean distance, ( )
where ρ 2 (F i , F * ) is the city metric,
where ρ 3 (F i , F * ) is the Minkowski distance for period v>2, v N, Î N is the set of natural numbers.
The described method for the evaluation of results of scientific-research activity of scientists, which takes into account metric distances, makes it possible to construct for a particular scientist a i the integrated evaluations ρ u (F i , F * ), u 1,3. = These evaluations are determined by the closeness of the vector of evaluations, obtained using different methods, to the so-called ideal point. In turn, the components of the ideal point represent the best evaluations by each of the methods (12)- (15), (26).
It should be noted that in addition to the evaluations ρ u (F i , F * ), u 1,3, = other metric distances can be employed as an integrated assessment of the results of scientific-research activity of scientists. These metric distances must satisfy the criteria: symmetry, sustainability in the self-similarity, inseparability and the triangle rule.
Discussion of results of examining the evaluation of scientific research activity of scientists
As a result of present research, we constructed evaluation techniques of the results of scientific research activity of scientists and scientific areas. We proposed a method to calculate the evaluation of scientific research activity of scientists. This method, in contrast to the known indexes (h-index, g-index, e-index, index I-10), is characterized by the fact that it takes into account all the information about citation of authors, without losing any information about the publications. By using this method, we calculate a scalar evaluation of results of scientific research activity of scientists based on the solution to a system of linear algebraic equations, the matrix of coefficients represents degrees of publication citations among different scientists. A special feature of the method is that the similar matrix of coefficients of the system of linear algebraic equations is very sparse. For example, assume that a certain article contains about 20 citations. It is known that the number of publications indexed by Google Scientist over 2016 alone exceeded 6.35 million. By simple calculations we receive that every column of the matrix of coefficients constructed in accordance with the described method, only 0.0003 % elements will differ from zero. To solve such systems of linear algebraic equations, it is advisable to use the Gauss-Seidel numerical method. Given that the problem on finding the PR rating is effectively solved by the methods of simulation modeling [17] , then in order to find the PR-q rating, it is possible to apply the method of Monte Carlo or other stochastic methods.
We proposed an integrated method to evaluate the results of activity of scientists, a characteristic feature of which is the construction of vectors whose components are the scalar evaluations of the results of scientific activity. These vectors are arranged in a multidimensional metric space. A so-called ideal point is also constructed, composed of scalar evaluations, the best in terms of achieving maximal effectiveness of activity. A metric distance between the ideal point or the point, which is assigned by a vector of evaluation of scientific research activity of a scientist, determines the cumulative assessment of the given scientist. A condition for the application of the method is the availability of sufficient information about publication citations of scientists. The advantage of the method is that the evaluation of results of scientist's output is calculated comprehensively by the integrated method taking into account the assessments of other indices. In addition, another benefit is assigning a metric space that allows expanding the range of calculated values of evaluations by employing different formulas for metric distances. The disadvantage of the integral method is the problem of selection and correction of the ideal point. Another shortcoming is that the components of the constructed vectors of evaluation of the results of scientific and research activity possess components that are clearly correlated. This is linked to the fact that the calculation of these components is based on the same data on the citation of scientific publications.
The proposed methods are flexible enough since they make it possible to correct the resulting evaluation by choosing different formulas to calculate the metric distances and the coefficients, which assign the ratio of citations among the publications of scientists.
Described research is continuation of the studies into construction of methods to evaluate the results of scientific research activity of scientists, appraisal of higher educational institutions and structural departments of these higher educational organizations. Some of the results of these studies were also examined in articles [6] [7] [8] .
It is planned to formalize the procedure of clustering to identify the areas where group of scientists collaborate closely. Splitting the scientists by the areas of their activities will make it possible to assess a contribution of each of them into development of appropriate field. In addition, clustering will allow us to evaluate a direction as a separate object, by analyzing the history of its development. Moreover, breakdown by directions will make it possible to examine publication citations of authors who belong in a specific direction. Another task is the evaluation of dynamics of development of a particular scientific direction based on the results of clustering the scientists. It is planned to develop a method to calculate a short-term forecast of growth of change in the integrated assessments of a scientific direction. It is assumed that the method to be developed could be used to identify promising research areas that are formed in the scientific community, which will enable operational management of various aspects of particular scientific trends.
Conclusions
1. Most known indices for the evaluation of scientific-research activity of scientists, such as the h-index, g-index, e-index, index I-10, etc., do not account for full information on citation. We therefore proposed such method to calculate the evaluation of scientific research activity of scientists, which would not lose information about any citation of the author and of any publication. This method determines a scalar evaluation of the results of scientific activity and is based on determining a number of coefficients. The coefficients define the citation of one scientist by the publications of other scientists. The resulting estimates are found by solving a system of linear algebraic equations that are built based on the calculated coefficients.
2. There are a number of known indices for a scalar estimation of the results of scientific research activity of scientists. These indices generally provide the answer to the question: how many citations of a particular author did other scientists quote over a fixed period. This makes it possible to determine effectiveness of activity of the given author. However, most of the known evaluation approaches have their own peculiarities of calculation and the disad-vantages that are associated with the loss of some of the information. That is why it is not recommended to rely solely on one of them. For the purpose of a comprehensive evaluation of scientific research activity of scientists, we proposed a method of the vector evaluation of results and the construction of the so-called integrated assessment. Underlying this method is the construction of vectors from scalar evaluations for each scientist in a multidimensional metric space. The number of calculated scalar evaluations determines measurability of the space. In addition, the basis of the method is the construction of an ideal point, which consists of scalar evaluations, the best in terms of achieving maximal effectiveness of activity. The evaluation of each scientist is calculated as a metric distance from the ideal point to the vector of scalar evaluations of the given scientist.
